Light quality response is a vital environmental cue regulating plant development. Conifers, like angiosperms, respond to the changes in light quality including the level of red (R) and far-red (FR) light, which follows a latitudinal cline. R and FR wavelengths form a significant component of the entire plant life cycle, including the initial developmental stages such as seed germination, cotyledon expansion and hypocotyl elongation. With an aim to identify differentially expressed candidate genes, which would provide a clue regarding genes involved in the local adaptive response in Scots pine (Pinus sylvestris) with reference to red/far-red light; we performed a global expression analysis of Scots pine hypocotyls grown under two light treatments, continuous R (cR) and continuous FR (cFR) light; using Pinus taeda cDNA microarrays on bulked hypocotyl tissues from different individuals, which represented different genotypes. This experiment was performed with the seeds collected from northern part of Sweden (Ylinen, 68˚N). Interestingly, gene expression pattern with reference to cryptochrome1, a blue light photoreceptor, was relatively high under cFR as compared to cR light treatment. Additionally, the microarray data analysis also revealed expression of 405 genes which was enhanced under cR light treatment; while the expression of 239 genes was enhanced under the cFR light treatment. Differentially expressed genes were re-annotated using Blast2GO tool. These results indicated that cR light acts as promoting factor whereas cFR antagonises the effect in most of the processes like C/N metabolism, photosynthesis and cell wall metabolism which is in accordance with former findings in Arabidopsis. We propose cryptochrome1 as a strong candidate gene to study the adaptive cline response under R and FR light in Scots pine as it shows a differential expression under the two light conditions.
Introduction
Plants as sessile organisms, rely on their adaptive plasticity to respond to the changes in their local environmental conditions, to optimise growth and reproduction [1, 2] . Light as a main environmental regulator, plays a central role in photosynthesis, photoperiodism, phototropism and photomorphogensis. The photomorphogenetic response includes several physiological mechanisms such as seed germination, hypocotyl elongation, neighbor detection, flowering and so on [3] [4] [5] . Photomorphogenesis is mediated by the perception of the light conditions by at least four families of photoreceptors: cryptochromes and phototropins, which monitor the blue and ultraviolet regions of the spectrum; the phytochromes, which mainly monitor the red (R) and far-red (FR) regions of the solar spectrum; and the ultraviolet B photoreceptor [3, 6, 7] .
The phytochrome (phy) family consists of five members phyA through phyE in Arabidopsis [8] . PhyA is designated as phyO and phyB as phyP, in conifers [9] . Phytochromes exist as two interconvertible isoforms: a R-absorbing Pr form and a FR-absorbing Pfr form, of which Pfr is the physiologically active state [8] . On absorption of R light, Pr is converted to the Pfr form; and Pfr absorbs FR light, and gets converted to the Pr form. Two cryptochromes (cry) have been characterised in Arabidopsis-cry1 and cry2 encoded by CRY1 and CRY2 genes respectively [10] .
Light regulated expression patterns in developing seedlings have been studied extensively in higher plants e.g. Arabidopsis [11, 12] , rice [13] and tomato [14] . Red and far-red light both form significant component of plant life cycle. Several investigations report the effect of these light wavelengths on growth and developmental patterns in plants [15] . R:FR ratio controls the seed germination, cotyledon expansion and hypocotyl elongation in the initial stages of plant development. In conifers, response to light quality has been extensively examined under prolonged dichromatic irradiation with R and FR light. Low R:FR ratio (e.g., due to absorption of R light by the chlorophyll in dense canopies) and removal of blue light is known to promote stem elongation, internode length and enhance apical dominance in order to facilitate the acquisition of the radiant energy for photosynthesis; so called shade avoidance mechanism [16] [17] [18] [19] . The lateral root formation is also affected by R and FR lights. In Scots pine, lateral root formation was found to be decreased in seedlings grown under light enriched in the R part of the spectrum [20] . R:FR ratio also regulates processes like bud setting in conifers [21] and induces fall hardiness [22] . Seed germination is also largely regulated by light quality; R light enhances germination (especially in pine) [23] while FR inhibits it [24] . Trees also respond to light pulse treatments, e.g. in spruce, light enriched with FR or R prevented terminal bud formation [25] and female cone production [24] respectively. Earlier investigations have reported that the effect of R:FR ratio follows a latitudinal cline. Local adaptation to farred light has already been described in Norway spruce and in Scots pine. It has been demonstrated that Norway spruce (Picea abies) requires FR light to maintain growth, which increases clinally towards the northern latitude [21] . FR light is also necessary for maintaining seconddary needle extension growth in northern, but not in southern populations of Scots pine [26] . Latitudinal and altitudinal clines in response to UV light wavelength have also been reported in conifers [27, 28] . Despite clinal adaptation in conifers has interested scientists in the field for many decades [29] , there has been little success in identifying the genes responsible for the cline in conifers [30, 31] .
Scots pine (Pinus sylvestris) population has a wide and continuous distribution and consequently these populations are exposed to variable lengths of photoperiod and light quality. Scots pine being a shade intolerant species, R and FR light wavelengths influence plant development in a major way, which follows a latitudinal cline as discussed earlier. Scots pine lack the High Irradiance Response (HIR) for hypocotyl inhibition under continuous FR (cFR) light; which is the characteristic of angiosperms [e.g. [32] [33] [34] . As a result, the conifer hypocotyl developed under cFR or high intensity FR light does not differ from dark grown seedlings [34] [35] [36] . Furthermore, in contrast to most angiosperms, conifer seeds possess the ability to synthesize chlorophyll, develop chloroplastlike plastids and express photosynthesis-related genes in darkness [37] [38] [39] .
Unlike angiosperms, the genome expression pattern under R and FR light has not been extensively studied in conifers; and despite the relevance of R and FR light qualities across all developmental stages of pine trees, the molecular mechanism involved is not clearly understood as yet. Moreover, in nature, most responses occur under continuous light, which can be triggered by short irradiation with high photon fluence rate or by continuous irradiation with low photon fluence rate [40] . In the current investigation we collected seeds from natural Scots pine populations from northern Sweden and compared the differential gene expression patterns between the seedlings grown under two light treatments-continuous R (cR) and cFR light, which are known to be the most essential wavelengths of the light spectrum in photomorphogenetic regulation. We also know that Scots pine populations are locally adapted to light quality. Hence, the main focus of this study aims at identifying candidate genes, which are potentially involved in local adaptation to red/far-red light, based on the differential gene expression pattern under these two light treatments; therefore, a dark control was not included in the experimental design as per standard procedure, which allows a baseline for categorising the regulation of gene expression e.g. up-or down-regulation, instead we discuss in terms of differential expression across the discussion section of the manuscript. Moreover, the seedlings were not viable for such a long period until the hypocotyls were fully grown, under continuous darkness. However, we have taken into consideration the genetic variation, and therefore, we have performed the study on bulked hypocotyl tissues from different individuals representing different genotypes. Based on the candidate genes thus identified, further investigations on whether those genes follow a latitudinal cline could be carried out, as very little is known about genes responsible adaptive cline in conifers [31] . Moreover, in the phytochrome family Ingvarsson et al. [41] , reported clinal variation in a mutation at phyB2 gene linked to day-length-induced growth cessation and bud set in Aspen (Populus tremula), but similar finding has not been supported in Scots pine [9] .
Hypocotyl is known to be an excellent system to study the regulation of plant development due to its morphological simplicity and its high responsiveness to growth regulators such as light quality, temperature and hormones e.g. auxin, cytokinins, ethylene and gibberellins [12] . Hypocotyl as model system possesses another advantage in terms of number of genotypes that can be assayed at a given instance, which is especially relevant in large sized plants like conifers. Both cR and cFR light equally inhibits hypocotyl elongation in Betula pendula, but inhibition is higher when seedlings are irradiated by cR plus cFR light [42] . Similarly, in wild type Arabidopsis, hypocotyl elongation is inhibited by R and FR light [12] .
Microarray technology allows transcriptional profiling for large scale experiments. For instance, microarray analysis was applied for the identification of genes involved in light quality regulation in Arabidopsis seedlings grown either in darkness, white, R or FR light [13, 43] . In conifers, microarray studies have been focused on two different processes, wood formation [44] [45] [46] and stress response to pathogens [47] [48] [49] . However, genome-wide expression studies with respect to any aspect of light have not yet been investigated within conifers. Instead, most of the expression studies in response to light have been limited to barely few genes [39, [50] [51] [52] .
Van Zyl et al. demonstrated that it is possible to use a cDNA array from P. taeda hybridised with another species from Pinus or Picea with just a minor loss of sensitivity [53] . In this experiment we have used cDNA array from P. taeda, for expression analysis.
Methods

Plant Material and Growth Conditions
Cones were collected from unrelated trees in a natural population of Scots pine from northern Sweden (Ylinen, 68˚N). A total of 72 seeds were soaked in water and maintained overnight at 4˚C. Soaked seeds were sown in a randomised complete two-block design in trays containing vermiculite, in a growth chamber. The climate chamber was supplied with light from Halogen-metal lamp (Ostram; Powerstar HQI-TS, 400 W/D, daylight). Seeds were grown under continuous light conditions under red and far-red filters (Filters used: red (026-M) + blue (195-M) for FR and red for R light; Lee filters, Hampshire, UK) (refer to additional file-Light Spectrum). We applied high irradiance light treatment, which consisted of low intensity and continuous irradiation of R (620 nm) or FR (720 nm) light. We applied low light intensity for both light treatments (<1 W/m 2 ·nm) to avoid saturating the photsyntetic capacity of the Scots pine seedlings under the long time light treatments. Further, lower intensity was chosen for this study to compensate for the long continuous light treatment. The growth chamber was maintained under constant 85% humidity and at 22˚C. Some of the earlier investigations reported that hourly light pulses providing the same total fluence were significantly less effective in causing response to light [32, 34] ; therefore we used continuous light for our experiment.
The relative intensity between cR and cFR was set following the experimental design of two essential publications on light quality research in conifers [34] and Arabidopsis [15] , where higher intensity was applied under the R compared to FR light treatments. We are aware that with our experimental design, it is not possible to distinguish between the effects caused by intensity and light wavelength. However, it allowed us to reach our main goal, which was to reproduce the lack of response to high irradiance under FR, typical of Scots pine; and compare it to hypocotyl growth response under R light, where it is well known that R light inhibits hypocotyl growth as described by Fernbach and Mohr [34] .
As the germination synchronisation was not efficient enough, the seedlings were individually harvested when the hypocotyls were fully grown i.e. after the hypocotyls growth ceased with the opening of the cotyledons for every seedling [35] . This was carried out in order to avoid measuring growth speed, as we were interested in the total growth. This methodology also allowed us to capture the hypocotyls at the same developmental stage, which was more appropriate for the subsequent global expression profile study. The length of the hypocotyls was determined as the distance between the crown of the root (usually prominent as the seat of a brownish veil) and the needle base. Seedlings were then snap frozen in liquid nitrogen and stored in −80˚C till further processing.
Microarray Procedure
For the global expression profile characterisation, we prepared an R-bulk and FR-bulk containing ten hypocotyls (representing different genotypes) treated with cR and cFR light, respectively. We used dye swap experimental design to eliminate the dye bias, therefore the array was performed twice and instead of having biological replicates, we prepared bulk samples of ten hypocotyls under each light condition. For the bulk preparation, equal amounts of hypocotyl tissue were weighed (roots and cotyledons were removed prior to weighing). Pinus taeda spotted cDNA microarrays (representing 12,523 genes) from The J. Craig Venter Institute, USA (formerly The Institute for Genomic Research, USA) were used to perform the expression analysis in an automated slide processor (ASP; Amersham Bioscience, Little Chalfont, UK). As this array was built on the RNA extracted from seedlings, it was very appropriate for our expression study in hypocotyls. Microarray was performed using the procedure. Total RNA from each bulk was extracted using commercially available kit (Qiagen). Total RNA was amplified with MessageAmp™ II aRNA Amplification Kit from Ambion. 7 µg of amplified RNA was used for cDNA synthesis (amino allyl-labelling). The cDNA was purified using Microcon 30 concentrators, eluted in water and dried in Speed-vac. Samples were re-suspended in 10 µL of 0.1 M NaHCO 3 , pH 9 and mixed with the appropriate Cy-dye, dissolved in 10 µL DMSO. The samples were coupled for 120 minutes and cleaned using a Cy-scribe GFX purification kit (GE Healthcare). The cDNA was eluted in 100 µL of elution buffer and then the volume was reduced in a Speed-vac to 41 µL. Appropriate incorporated samples where pooled and mixed with 45 µL SSC (20X), 45 µL Formamide (100%), 4 µL SDS (10%), 1 µL tRNA (25 µg/µL) and 1 µL Oligo-dA (10 µg/µL). The slides were exposed to pre-hybridisation buffer (5X SSC, 50% Formamide, 2.5 X Denhardt's solution, 0.1% BSA) for 30 minutes. The samples where denatured at 95˚C for 3 minutes and then injected into the ASP chamber, using a syringe. The slides where hybridised for 14 -16 hours at 42˚C then washed with three buffers of sequentially decreasing concentration (1X SSC, 0.05% SDS followed by 0.3X SSC and finally 0.05X SSC). All kits were used according to the manufacturer's instructions.
Data Analysis
Microarray slides were scanned with predetermined increasing laser power and phototube multiplier (PMT) settings using a Scanarray scanner (PerkinElmer AB, Sweden). The resulting images were analysed in Genepix 5.0 (Axon Instruments, CA, USA). The raw data was stored in the public microarray database UPSC-BASE [54] . The different scan levels for each slide were merged with Restricted Linear Scaling (RLS) [55] followed by print-tip lowess normalisation [56, 57] , using tools implemented in UPSC-BASE, before further analysis. The log ratios of the intensity measurements were computed. Statistical analysis was carried out by calculating the t-test statistic and the corresponding p-value from the M-value for each gene in the dye swap experiment [58] .
The p-values were adjusted by false discovery ratio (FDR) method using the R-statistical package, R Development Core Team, 2006 [59] . We used a p-value cut-off of 0.05 and log2 expression ratios >0.95 as selection criteria for significantly expressed genes. Computational annotation of the statistically significant, differentially expressed genes was done using Blast2GO tool (Version: January 2010 release) [60] .
Results
The focus of our study was to identify candidate genes for studying adaptive cline in Scots pine, based on differential gene expression pattern in Scots pine seedlings grown under cR and cFR light treatments; therefore, throughout the result and discussion chapter we have referred to the changes in gene expression under cR with reference to the expression pattern under cFR light and vice versa. Thus the genes which are enhanced under cR are suppressed under cFR and vice-versa.
Hypocotyl Elongation Response
The Kolmogorov-Smirnov test showed that there was a significant effect of light quality on the length of the hypocotyls (p-value = 4.12e−9) (Figure 1) . Higher hypocotyl length under cFR light has also been reported by Fernbach and Mohr [34] . The difference in hypocotyl length between cR and cFR light that we observed, once more supports the well-known phenomenon of lack of high irradiance response (HIR) in Scots pine [34, 61] . However, lack of HIR may not be general to all conifers; for example, long exposure to FR light caused inhibition of hypocotyl elongation to the same extent (or more) as compared to R in Picea abies [23, 35] . This might be explained by the shadow-tolerant nature of Picea abies compared to Scots pine [62] . For example, under light environments enriched in FR light (e.g., under dense canopies) enhancement of internode growth has been described in seedlings and adult trees of Scots pine, but the same response was not observed in Picea abies [17, 19] .
Microarray Analysis
Higher expression of cryptochrome1 was found under cFR with reference to cR light, suggesting that this can be regarded as a putative candidate gene involved in adaptive response with reference to red/far-red light. The microarray analysis also revealed 405 differentially expressed genes under cR light treatment, and 239 genes were found to be differentially expressed under cFR light treatment. Figure 2 represents the MA-plot of the loga- 
rithmic values of the intensities, which shows a linear trend and the log ratios are centred around zero.
Higher expression of a larger number of genes involved in processes such as C,N metabolism (e.g. arginine decarboxylase, acetyl glutamate kinase, starch synthase, malate synthase), photosynthesis (e.g. phosphorribulokinase, pyruvate kinase, porphobilinogen synthase), lignin biosynthesis (e.g. cinnamoyl-CoA reductase), flavonoid synthesis (e.g. chalcone synthase), porphyrin and chlorophyll metabolism (e.g. porphobilinogen synthase), and anthocyanin synthesis (e.g. anthocyanidin synthase) was found under cR as compared to the cFR light. Table  1 gives the overview of the metabolic pathway and fold regulation of the gene expression under cR and cFR light.
The Blast2GO analysis of the percentage of secondlevel GO terms for three categories: biological process, cellular component and molecular function, is represented in Figures 3-5 , respectively. With reference to biological processes under cR light, highest participation was of the metabolic process (~33%, Figure 3(a) ), which was more than that of cFR light (~23%, Figure 3(b) ). Cellular process contributed the highest among the various biological processes under cFR (~31%, Figure 3(b) ), which was about the same, as observed under cR light (Figure 3(a) ). A process such as localisation was observed to be almost doubled under cFR than under cR; whereas elevated expression of genes involved in multiorganism process and developmental process, was found under cR as compared to cFR light. The processes such as response to stimulus and immune system process contributed equally under cR and cFR light conditions.
Regarding the gene expression under the cellular component category (Figure 4) , cell occupied the largest percentage under cR and cFR light; percentage being higher under cFR (54%, Figure 4(b) ) as compared to cR light (40%, Figure 4(a) ). The activity in envelop was almost four times more under cR (4.5%, Figure 4(a) ) than under cFR light (~1%, Figure 4(b) ). The percentage with regards to macromolecular complex was observed to be doubled under cR, whereas it was approximately the same for both light treatments with reference to extracellular region.
Under the category of molecular function (Figure 5 ), binding contributed the most among the other functions under both cR and cFR light conditions, followed very closely by the catalytic activity. In this aspect, binding occupied larger percentage under cFR (~48%, Figure  5(b) ) than cR light (~37%, Figure 5(a) ); whereas the catalytic activity contributed about 38% under cR (Figure 5(a) ), which was higher than that of the cFR light condition (~33%, Figure 5(b) ). Transport activity, translation regulator activity, transcription regulator activity and antioxidant activity was approximately the same under cR and cFR light. Molecular transducer activity, nutrient reservoir activity and enzyme regulator activity was observed to be comparatively higher under cFR while structural molecule activity and electron carrier activity was observed to be higher under cR light. 
Discussion
A comprehensive discussion on all the photomorphogenetic changes that occur in response to light was beyond the scope of this article, instead, we focused on light response pathways, which have been better characterised in conifers.
Microarray data analysis reveals that expression pattern of most of the genes under R and FR light is in accordance with the earlier findings in Arabidopsis and other plant systems (refer Table 1 ). Plants respond to light signals through a complex network of photoreceptors [63] . Phytochromes are involved in the control of hypocotyl lengthening [64] and are the most well studied class of photoreceptors, which perceive R and FR light [8] . Cryptochromes perceive blue light; they mediate various light induced responses in plants and are demonstrated to be involved in inhibition of hypocotyl elongation under blue light [65] .
Direct regulation of phytochrome was not detected in this study, as the array did not include phytochrome; but the results show that transcripts of the phytochromeregulated genes were observed under both cR and cFR light, although more number of the transcripts were found under cR light than under cFR, which suggests that there was a difference in phytochrome signalling between the conditions tested (refer Table 1 ). Higher expression of chalcone synthase [66, 67] , glyceraldehyde-3-phosphate dehydrogenase [68, 69] , ribulose-1,5-bisphosphate carboxylase/oxygenase [70, 71] , which are positively regulated by phytochrome, was observed under cR light. Calmodulin and ubiquitin extension protein expression was also found to be elevated under cR com-pared to cFR light; calmodulin being one of the early components in phytochrome signalling, and ubiquitin mediated protein degradation is a part of phytochrome signalling mechanism [3] . However, expression of isoforms of protein-phosphatase2c, which is indentified recently as phytochrome-interacting protein [72] , was found under both cR and cFR light treatment. PhyA induced transcriptional cascade includes zinc-finger proteins, AP2-domain and WRKY factors; zinc-finger proteins being the largest class in this regard [73] . Regarding this aspect, we observed expression of various forms of zinc-finger and AP2-domain being expressed under both light conditions; more forms of zinc-finger were expressed under cFR, while more forms of AP2-domain were expressed under cR light. Expression of WRKY factors was elevated under cR light.
Cry1 is involved in inhibition of hypocotyl elongation under blue light [74, 75] . Cry1 is blue light dependent, but it also plays a role in blue light independent regulation of circadian clock, cotyledon folding and inhibition of hypocotyl elongation in Arabidopsis [76] . Cry1-cry2 mutant exhibit reduced changes of mRNA expression to not only blue, but also R light. Transgenic Arabidopsis, over-expressing cry1 photoreceptor is hypersensitive to continuous blue light, exhibiting unusually short hypocotyls and high levels of anthocyanin [77, 78] . In the present study, we found higher expression of cry1 transcripts under cFR light as compared to cR. Further, studies indicated that blue light acts through cry1, which affects the expression of many genes, a subset of which suppresses stem growth by repressing gibberellins and auxin levels and/or sensitivity [79] . We observed elevated expression of cry1 under cFR light in pine, but molecular and physiological mechanisms behind the response of cry1 under cFR light has not been investigated as yet in any species. One hypothesis is that, cry1 has altered function in pine due to sequence variability, therefore it might have promoted the elongation of hypocotyls in the current investigation. In fact, variation in cryptochrome sequence has been described with new altered biochemical properties [80] . Here, we also take into account that cry1 can act independently of phyA and phyB, as reported by an earlier investigation in Arabidopsis [81] .
It is well known that phyA regulates seed germination in response to cFR whereas phyB controls germination under cR light [82] . PhyA [83] [84] [85] and phyB [86, 87] predominantly mediates HIR of photoinhibition of hypocotyl elongation in Arabidopsis induced by cFR and cR light respectively. Cryptochromes play role in control of gene expression mediated by phytochromes [10] . Cry1 physically interacts with phyA [88] and it also shows functional dependence on phyA or phyB in Arabidopsis for the blue light induced inhibition of hypocotyl growth and anthocyanin accumulation [89] . We found indirect evidences of differential expression of phyA between cFR and cR light treatments. Therefore, another hypothesis is that Cry1-phyA interaction may function in a different way in pine species compared to Arabidopsis allowing for the elongation of hypocotyls and suppression of anthocyanin accumulation under cFR light, which may be due to sequence variation in cry1, as discussed earlier. Moreover, changes in the coding sequence of phyA has been shown to alter its biochemical properties, which in turn causes an altered response to light namely reduced far-red sensitivity [15, 84, 85, 90, 91] . The significant increase in the length of the pine hypocotyls in response to cFR light may be due to increased auxin production under effect of cry1 or cry1-phyA (phyO in pine) interaction (excess of auxin promotes elongation in Arabidopsis) [92] . This is based on our findings with reference to auxin-responsive protein, although we have not measured the auxin levels in the seedlings. Here, we would also like to point out that rapid high-level synthesis of auxin may be deployed by plants via alternative pathway to combat shade avoidance [93] .
Based on our results from the microaaray data analysis, we propose the blue-light receptor/cryptochrome1 as the putative candidate gene involved in local adaptive response to red/far-red light, which may be used to study adaptive cline in Scots pine with reference to red/far-red light and it also deserves further investigation to help dissecting the molecular mechanisms behind lack of HIR response in pines and other conifers.
Under natural conditions, plant response to light is confounded with stress response processes related to temperature and decline in water potential [94] . In our experiment, we minimised the effect of other environmental factors, other than light quality, by keeping humidity and temperature constant. No tissue necrosis or seedling decay was observed, supporting that even if response to light stress was activated, it probably did not reach saturation. Our study indicates that gene expression is enhanced by cR light treatment, namely more number of genes show higher expression under cR compared to cFR light ( Table 1) . This result is in accordance with the findings in Arabidopsis, where most metabolic pathways have been seen more sensitive to R and blue light than to FR [43] ; except in case of photoreceptors, where we found higher expression of the blue light receptor cryptochrome1 under cFR. Our expression analysis revealed the probable role of cry1 gene in the adaptive response to high irradiance under cFR and cR lights in Scots pine, which is considered as a blue-light sensor; indicating that the roles and interactions of phytochrome and cryptochrome gene families are not fully resolved. We propose cryptochrome1 as putative candidate gene involved in local adaptive response in Scots pine with reference to red/far-red light. This study thus demonstrates that global expression analysis using microarray as an efficient tool to predict candidate genes potentially involved in local adaptation. The data represented here could be used as a clue to study adaptive cline in Scots pine. We also suggest, the light dependent AS, RuBisCO and cinnamoyl-CoA reductase genes as putative candidates to study the adaptive cline; as the fold regulation of these genes was significant under the two light treatments studied ( Table 1) . Our next step would be to carry out RT-PCR with our most relevant candidate gene cry1 and other genes in the light response pathway; but we foresee difficulties in this regard due to the insufficient genomic resources (number of mRNA and EST sequences in GenBank (2011): 3,431 and 666 respectively), and presence of pseudogenes and the complexity of the Scots pine genome [95] ; which explains the reason behind why so little work has been done in conifers, with reference to the current topic of investigation. Future research in other high-throughput omics and micro RNAs (miRNA) would add further depth to our understanding of physiological process and gene regulation in conifers in response to light quality. If much remains to be learned in order to understand the underlying network that controls angiosperm photomorphogenesis, then our knowledge with reference to conifer species is still in its infancy.
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